Preliminaries, Definitions
What is measured in experiment?
"Moments" of the charged particle velocity distribution function, e.g.,
• Number density
How is f(c) found? Edward A. Mason (1926 -1994 ) Ludwig Boltzmann (1844 -1906 Kinetic equation valid for any m, m 0 (ions, electrons, positrons, muons, …) = differential cross section for the process = Maxwell-Boltzmann distribution function for the neutrals
Kinetic Theory of Gases
The Kinetic Equation • Low temperature, collision-dominated plasmas are intermediate between these two limits, and generally all factors must be taken into consideration, i.e., all "switches" S+H are closed.
Plasma kinetic theory
Boltzmann equation for charged species s [1D]
• Input cross sections into right hand side • Prescribe boundary + initial conditions
• Solve for f (z,c,t) with Poisson's equation: where j≡ (n,l,m) , about a Maxwellian at an arbitrary basis temperature T b ('twotemperature theory ' -E.A. Mason et al, Ann. Phys. 1975 ,1978 , J. Chem. Phys. 1979 • Apply Talmi transformation from lab frame to centre of mass system in the collision operator (K. Kumar, Aust. J. Phys. (1967)) • Take as many terms n, l, m as are needed to get required accuracy, and adjust T b to speed up convergence
• Physically meaningful quantities are low order velocity "moments"
e.g., j=(0,1,m) average velocity; j =(1,0,0) average energy (b) Special procedure for light charged particles (e ± , µ ± )
• Approximate J(f,f 0 ) in differential form to order m/m 0 • Solve resulting equations using standard numerical techniques for differential equations • Often also assume near isotropy in c -space (!) for f(r,c,t) Calculate relevant, physically meaningful quantities to compare with experiment "bulk" vs "flux" transport coefficients r-space vs c-space symmetries Two-term approximation Units 1 Td = 10 -21 V m 3
Issue # 2
Issue # 1 Wannier 1953 Wagner, Davis and Hurst, 1967 Skullerud, 1969 Lowke and Parker, 1969 Robson, 1972 • Legendre polynomial representation is generally inadequate 'Muliterm' theory (l max ≥ 2) required for m/m 0 << 1 for inelastic collisions (e, CH 4 ) Ness and Robson, 1986 Model ions in parent gas (Wannier, 1953) Difference may be more than quantitative! Electrons in CH 4 (r.f. electric field) (l max = 6) White et al, J. Vac. Sci. Technol. A16, 316 (1998) ; ω/n 0 =10 -17 , 10 -15 and 10 -14 rad m 3 s -1 3. Transport coefficient definition: Tagashira-Sakai-Sakamoto effect H. Tagashira et al, J Phys D 10, 1051 (1977 Fick's law: 
